ABSTRACT
INTRODUCTION
Sustainability literacy is an important competency for all professional workers, including those employed in the IT industry. However the development of that awareness in computing students is not easy. Additionally students, and indeed teaching staff, do not necessarily have much understanding of the term. This paper will explain the meaning of 'sustainability literacy', having first discussed the term 'sustainability'. The rationale and motivation for teaching this material as part of a university computing course is also explored.
Then the un-sustainability of technology, and most particularly ICT, is explored and the ways in which ICT can be used to assist sustainability. Students' motivation to learning about sustainability is discussed. The paper finishes with an account of the approach successfully used at Coventry University, along with students' reaction. This approach could be adopted in other, similar contexts.
More recently, the UK Strategy for Sustainable Development described sustainable development as the meeting of four aims:
• social progress which recognises the needs of everyone;
• effective protection of the environment;
• prudent use of natural resources;
• maintenance of high and stable levels of economic growth and employment (SDU, 2005) .
Thus, sustainability is clearly seen as encompassing economic, environment and social issues. However it is also often seen as having a spatial element too: it may not be a question of whether a development should happen but rather where it should be located. Sustainability is about balancing the needs of these concerns: it is about taking a holistic view of any situation or decision and looking at it in a balanced way, in its context, considering its consequences and implications in the broadest sense. It is concerned with energy sources and efficiency and carbon emissions but it involves very much more too.
Sustainability and sustainable development are closely related concepts. The former term may be preferred since it recognises that there are issues to be considered which may not be perceived as being 'development': it is a broader term (Change Works, 2000) . In this paper sustainability and sustainable development are used interchangeably. Sustainability literacy refers to a general awareness of sustainability issues. This is sometimes referred to as 'ecoliteracy' (Haigh, 2009 ).
WHY SUSTAINABILITY LITERACY?
Sustainability literacy is a level of understanding which would permit a professional to identify issues and decisions which have sustainability implications, leading them to making appropriate investigations and enquiries and commission specialist studies. Every professional working, outside the specialist area of sustainability itself, needs at least this level of understanding and awareness.
Sustainability is about fairness and equity: about fairness to future generations and to communities throughout the world, no matter what their current stage of development. For example, it requires an acknowledgement that developing economies currently use very much less energy per person than developed economies and that their development to match the standards enjoyed in the Western world might lead to a huge increase in their energy requirements. Sustainability does not preclude the further development of such countries. A sustainability intervention might lead to providing such countries with the knowledge and support necessary to help them develop in a more sustainable, 'carbon-neutral' manner (Craig-Wood, 2008) . Such an example is very simplistic but it does highlight the sorts of dilemmas and tensions involved. Sustainability considerations often do not lead to easy answers: indeed they often highlight the complexity and inter-connectedness of issues. When necessary a professional will need to hand over an issue for fuller investigation by a specialist in, say, energy, economics, environmental or social sciences.
It is important that all professionals can see the wide, global, interconnectedness of the consequences of their decisions: it is part of their ethical responsibility. The British Computer Society Code of Conduct says that "in your professional role you shall have regard for ... the environment" (BCS, 2006) . The IEEE Code of Ethics says that members should "accept responsibility in making decisions consistent with the safety, health and welfare of the public, and to disclose promptly factors that might endanger the public or the environment" (IEEE, 2006) . Of course, no professional Code would require a professional to act in a way which would directly jeopardise commercial considerations. Every professional, and every employer, needs to take a view on such matters, based on their ethical and moral stance. Sustainability is about attitudes and values (SDC, undated) : it is about the ethical integration of mind, values, behaviour and environment (Haigh, 2009) . However professionals need the knowledge to be able to address such situations: they need a developed literacy in sustainability issues. Haigh (2009) The Government's 'Securing the Future' report identifies sustainability literacy as being a core competency required by all professional graduates (SDU, 2005) . The Sustainability Development Commission agrees that sustainability literacy is a generic skill (SDC, undated). The Higher Education Funding Council for England (HEFCE) has committed to, and provided funding for, the development of students' sustainability capabilities (Dawson, 2008; HEFCE, 2010 In 2005, the United Nations, recognising that education is part of what is needed in order to change attitudes in a way which will secure the world's future, launched its Decade of Education for Sustainable Development. This mandates that all courses should include sustainability development (Haigh, 2009) . The intention of the UN is that learning about the impact of their behaviour will reflect, not just in students' personal life decisions, but also in their subsequent professional attitudes.
There are a number of initiatives and projects supporting ESD, including:
• The Higher Education Academy (HEA) supports and promotes generic teaching and learning developments, including sustainability. Many of its Subject Centres, including ICS (Information and Computer Sciences), also support ESD development work (ICS HEA, 2008).
• The Environmental Association for Universities and Colleges (EAUC) is promoting sustainability in FE/HE institutions' operation and their courses, disseminating resources and annually making the Green Gown awards.
• The Centre for Sustainable Futures (CSF) at University of Plymouth aims to promote sustainability.
• The Centre for Active Learning (CeAL) at University of Gloucestershire has a sustainability thread.
• Professional Practice for Sustainable Development (PP4SD) is working with a number of professional bodies to promote sustainable practice amongst professionals.
• The British Computer Society has a Green IT Special Interest Group looking at CPD and dissemination issues (BCS, 2009 ).
• Some universities have a sustainability policy, which may encompass ESD, in addition to infrastructure improvements.
Not everyone in universities accepts the sustainability agenda, with even some vice-chancellors seeing ESD as being political propaganda rather than an essential core competency (Chalkley, 2006 and 2007) . More recently though, the need for ESD has been accepted by all major political parties: it has become largely apolitical. Sterling (2009) noted that the education can occur at several levels. Students may just learn what sustainability is about; they may have a deeper engagement in which students' values are challenged; or learning which leads to students' practical engagement in action.
Clearly ESD will have different meanings in different disciplines. A review conducted by the HEA identified the current level of ESD across disciplines (HEA, 2006) . It comes naturally to a geographer. Engineers, architects and philosophers can be readily shown aspects of their disciplines which are central to sustainability. To teach computing students about ESD, the connections with their discipline need to be made evident.
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Technology is part of the problem
Since at least the 17 th century, well before the Industrial Revolution, technology has been seen as providing ways of controlling nature, of harnessing the power of nature for the benefit of humankind. In 1913 the environmental pioneer John Muir tried, unsuccessfully, to prevent the building of the Hetch Hetchy dam in Yosemite National Park (Dresner, 2008) . Since that time there has been a growing understanding that some technologies can be environmentally damaging and lead to the destruction of ecosystems, particularly 'special' or sensitive ones. This has led to an environmental perspective which risks viewing all technology as being problematic: "the villain of the piece". Whilst it is self-evident that some technologies, in some situations, are environmentally damaging, technology is not always problematic.
IT technologies have developed in ways which have caused many environmental concerns. The most obvious issue is the power usage of the computing equipment itself. Computer users don't help matters and some feel they must routinely update hardware and software, regardless of their needs. But there are many other concerns ranging from the mind-boggling power consumption of the huge data centres which store much of the world's data, to children in China disassembling obsolete computers to extract the precious metals, images of which are not only heart-rending but exhibit physical danger and highlights the West's waste polluting distant environments in ways which seem to be exploitative.
Recent Improvements
There is a growing awareness in the computing industry that it must reduce its environmental impact. For instance the British Computer Society has launched a 'Foundation Certificate in Green IT', is developing another concerning Energy Efficient Data Centres and it has set up a Green IT Special Interest Group. IBM has launched its Project Big Green. There have been some improvements in recent years. Computers are now more energyefficient and employ sophisticated power-management systems. Suppliers are aiming to reduce the energy requirements of PCs further: some were aiming for a 50% power reduction by 2010 (from 2007) (Climate Savers Computing Initiative, 2010). Ultra-low power notebook computers are now available (Mclellan, 2008) . Server 'virtualisation' and consolidation technologies allow data to be held much more efficiently. Servers now produce less heat and can also run at higher temperatures, thus requiring less power for cooling. These techniques can reduce the energy usage of data centres by as much as 70% (Ross and Crooks, 2008) . Paper usage can be reduced with duplex printing; the European WEEE directive requires electrical devices to be disposed of in an appropriate manner; and Apple has committed to remove polyvinyl chloride (PVC) and brominated flame retardants from all its products (Jobs, 2008) . Whilst these developments are still patchy, the IT industry is starting to address its deleterious impact.
However it has been estimated by Gartner Research that IT and communication technologies currently generate about 2% of global CO 2 emissions, about the same as the airline industry, and that it is growing at a faster rate (Intellect, 2008) . They observe that as people replace equipment they tend to buy something bigger or with more functions, which therefore tends to require more power. The Energy Saving Trust (2009) estimates that, if current growth is unchecked, by 2020 IT will form 45% of all UK domestic electricity consumption. This, coupled with the increased uptake of IT worldwide, means that the total power usage of IT globally may continue to grow rather than diminish. However the significance of IT to sustainability is very much broader than minimising power consumption and the 'greening' of computer hardware.
ICT as part of the solution
Computing technologies are central to the lives of modern youth. They spend much of their time communicating (MSN, Skype, twitter); using social networking sites (MySpace, Facebook, Bebo) or sharing material (YouTube, Flickr, iTunes). They use discussion boards and blogs to share information with others who have similar interests. They do much of their shopping online, maybe using auction sites (ebay). They may well have their own personalised web page from which they can access all their media sources and online facilities (netvibes, Protopage, Google). They use wikipedia as the source of all wisdom (to the despair of many academics), with ITALICS Volume 9 Issue 2 November 2010 ISSN: 1473-7507
Google providing a backup facility. Wireless networks, PDAs and state-of-the-art smart phones allow them to access such facilities for much of their waking day. These technologies are central to the way that 'Generation Y', those who grew up with the internet, live their lives.
When these young people enter the professional workplace they will probably encounter a much more restricted use of IT. They'll see desktop applications and enterprise-wide systems; they'll see email; they'll see the organisation's website and maybe an intranet. Depending on the nature of the business there may be online facilities provided for clients or customers. The organisation may use electronic data transfer to deal with its business partners. However organisations are most unlikely to have facilities to allow these young employees to communicate in the way they do in their personal lives. Social networking sites such as LinkedIn and plaxo, aimed at supporting business communications, are emerging. Astute organisations recognise that having a presence on such sites is important for marketing purposes but that they also allow their young employees to communicate in ways which, to them, are normal (Marshal, 2008) .
The ubiquity of such technologies is, of course, part of the sustainability problem but they can be deployed to support sustainability. Students of computing, in particular, can be encouraged to identify such applications. They may realise that many documents never need to be printed but might be processed and retained electronically. They may see that an online document development system (such as GoogleDocs or wikis) could be used for collaborative work without contributors ever needing to physically meet and without the need for printing or emailing documents. They may identify opportunities where a blog, forum or social network could support discussion or information dissemination, internally or externally. They may spot situations where a 'mashup' can support the organisation's objectives. (This is an approach which brings together data from different sources, typically combining map data with locationally-based information, into a webpage, such as used by http://www.housingmaps.com/.) Learners ought to be able to identify ways in which the IT tools which they are accustomed to using in their personal lives can be adopted in business practice, improving sustainability. Today's IT employees ought to be encouraged to look for such opportunities.
Taking a wider perspective, all students may be able to see other ways to deploy IT to enhance sustainability. Social inclusion could be supported by identifying situations in which some staff could work from home or some other remote location using broadband communications and perhaps accessing the organisation's systems remotely. These remote workers could be located anywhere in the world and might effectively support organisational globalisation objectives. Students may be able to see that meetings with remote partners can sometimes be conducted online, using online meeting or video-conferencing facilities, reducing the amount of travel necessary. Students need to look at such solutions holistically, considering the full complexity. When staff work from home they would save the energy costs of their journey, and the employer may save energy by them not being at work: maybe there are fewer PCs to power or maybe the organisation can operate from smaller premises. But this needs to be offset by the recognition that the employee will have to heat at least one room in their house which may not otherwise be heated; they will probably need to own and power a PC and there will be energy required to support any communication. The saving to the 'world energy economy' is not self-evident (Craig-Wood, 2008) .
As well as looking at ways of reducing commuting, computing students could look at, say, ways to use ICT to make transport more sustainable. They could look at ways to intelligently control vehicle speed or ease congestion; they could look at ways to integrate public transport systems to make them more efficient, effective and attractive. They could look at road pricing schemes, car sharing schemes or car clubs (SDC, 2010).
IMPLEMENTING SUSTAINABILITY LITERACY IN COMPUTING
As has already been alluded to, encouraging students to engage with sustainability can be problematic. In 2001 Kofi Annan, the then UN Secretary General, pointed out that there was a need to take an idea which may seem abstract, sustainability development, and to make it relevant to people's lives (Haigh, 2009) . Direct engagement requires learners to come to the understanding that, as individuals, we are all part of the community of life: part of a global, inter-connected eco-system.
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Today's young people, or at least those who have been brought up in Western Europe, are well aware of the most obvious needs of sustainability: the need to reduce power consumption; to develop alternative renewable energy sources; to recycle waste; and to protect fragile environments and species diversity (SDC, undated). However they may need some encouragement to see that these principles apply to them personally or that they ought to be adopted in the workplace, particularly since they may well have had jobs with employers who pay little heed to such imperatives. It is important that learners are encouraged to question such a stance, particularly as they move forward into more professional, responsible roles. The transfer of environmental awareness into a workplace context can lead to a discussion of the 'triple bottom line' of 'people, planet and profit', corporate social responsibility and the ethos of organisations. Some students already have this awareness and express a wish to gain employment with organisations that are environmentally conscious and that strive for corporate social responsibility (Cade, 2008; HEA, 2008) .
At Coventry University, second year computing students undertake a Group Project module in which they work on a major group development project. The module also covers project management, groupwork, ethics and professionalism. Sustainability forms one element in this module. Some students are reluctant or resistant to engaging with much of this material and care is needed to ensure that its relevance is evident. When sustainability content was introduced some years ago it too was met with some reluctance: some computing students do not readily relate to sustainability issues (Payne, 2009a) . Gordon (2009) investigated the attitudes and expectations of students at the University of Hull and found that, there too, computing students were not expecting their course to encompass sustainability. Creativity is needed to motivate student engagement. Computing students are recognised as not being good at 'soft skills'. They usually score very low on 'feeling' in a Myers-Briggs personality type assessment: instead they are typically dispassionate and analytical (Capretz, 2003) . These students are often highly motivated by technical material and find it very difficult to see the relevance of sustainability to them.
In order to provide firm motivation for learning about sustainability, students were given an assessment on the subject. First they were given a context-setting introductory lecture on the subject of sustainability. After that they were required to find all relevant information for themselves: an activity-led pedagogy was adopted, in which students are treated as investigators. Working in groups, students were given a case study, a brief description of a fictional IT organisation which they could imagine as a future employer. They were then asked to derive sustainability tips for the organisation, which would allow it to improve its sustainability. For each tip, students were required to provide evidence to support their advice. Since these students cannot be expected to make judgements about the accuracy of the technical supporting material they locate, they were instead asked to assess the authoritativeness of their sources. More detail about the assignment, and part of a sample student submission, can be found in Payne (2009a) .
In the first two years of running the assignment, 2007/8 and 2008/9, students were asked to derive 10 tips across the whole spectrum of sustainability. Understandably, many tips which students proposed had no connection with ICT. Therefore, to enhance the assignment's relevance, for 2009/10 students were asked to focus just on the implementation and application of ICT to enhance the organisation's sustainability. However many students still offered generic energy creation and efficiency tips, pointing to the connection between ICT and its power needs.
(To avoid this confusion, in future assessments, we may revert to the previous requirement.)
WHAT DID THEY LEARN?
The intended learning outcome for this work package is that students will be able to demonstrate an understanding of sustainability issues. Every group of students successfully derived advice which would have the potential to make the organisation more sustainable. 
